STUDIES ON THE BACTERIOPHAGE OF D'HERELLE : XI. AN INQUIRY INTO THE MODE OF ACTION OF ANTIBACTERIOPHAGE SERUM by Muckenfuss, Ralph S.
STUDIES ON THE BACTERIOPHAGE OF D'HERELLE. 
XI.  AN INQUIRY INTO THE ~VIODE OF ACTION O~" ANTIBACTERIOPHAGE 
Sx~u~. 
BY RALPH S. MUCKENFUSS, M.D. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, ]ruly 10, 1928.) 
That sera of animals immunized by parenteral introduction of lytic 
filtrates  have  the  property  of  neutralizing  bacteriophage  has  been 
recognized since the work of Bordet and Ciuca in  1921  (1), but this 
demonstration  of a  new antigen was at the time of purely academic 
interest.  In 1925, however, Sonnenschein (2), and shortly afterward 
Katsu  (3),  stated  that  human  blood  possessed  antibacteriophagic 
properties in relation to certain infectious diseases, and they suggested 
that the reaction might  be of diagnostic value.  This possibility has 
made the serological study of bacteriophage of considerable practical 
importance. 
Methods. 
Purification  of Phages.--It  is a  common  observation  that  when  a 
lyric filtrate is first obtained it ordinarily contains a number of different 
principles, or bacteriophages.  The first procedure in the purification 
of this mixture is to carry lysis in series through a number of passages 
on the bacterial strain, thus eliminating by dilution any phages that 
act only on heterologous bacteria. 
It is probable that even the filtrate thus obtained still consists of several different 
components which act on the same bacterial  species, and which can be further 
separated by the plating method.  For each phage forms a characteristic plaque, 
as has been demonstrated by Bail (4) and by Gratia  (5).  Plaques of the same 
sort should be picked for several passages, in this manner securing a pure phage. 
Pure phages obtained  in this manner were used as antigens.  Immunization 
was conducted by intravenous  and  subcutaneous injections,  and  in  both cases 
neutralizing sera were obtained.  The sera of mice, on the other hand, that were 
fed phage daily for 6 weeks, were not capable of neutralizing the phage ingested. 
7O9 710  BACTERIOPHAGE  OF  D'HERELLE.  XI 
Technique for  Demonstrating Neutralization.--Bordet  and  Ciuca  (1)  demon- 
strated neutralization by adding a mixture of a specific serum and the appropriate 
phage  to a  culture  of susceptible  bacteria in broth,  the absence of visible lysis 
serving as a criterion of neutralization.  They also demonstrated (6) in a control 
experiment,  that  normal  serum  did not prevent  phage  action.  D'Herelle  and 
Eliava  (7), using  this  technique,  found that on prolonged incubation lysis took 
place, and so concluded that the serum merely inhibited the lysis, but that it did 
not inactivate  the  phage.  Wagemans  (8),  however,  found that  if the  time  of 
contact between phage and serum was sufficiently long, neutralization was com- 
plete and the phage could not be regenerated.  A technique commonly employed 
(9)  has been to mix phage and serum for a  varying length of time and then to 
streak  this  mixture  on  a  plate  seeded  with  susceptible  bacteria,  neutralization 
TABLE I. 
The Neutralization of Coliphage by Immune Serum. 
Phage 
P.C. 
Antigen of serum 
Normal serum 
P.C. coliphage 
Bacterium 
B. coli 
¢c  c~ 
Phage dilution 
Undiluted 
"l~ter  Slant 
10  -9  ++-k 
10-' 
1-100 
Slant 
+-b 
1-10,000 I-1,000,000 
Slant  Slant 
100±  - 
+  +  +  indicates complete lysis. 
+  +,  +, indicate lesser degrees of lysis. 
Numbers indicate the number of plaques. 
following a number indicates that the number of plaques was estimated. 
-indicates  absence of lysis. 
These signs are  used in all of the following protocols in which lysis on agar 
slants is recorded. 
being demonstrable by the absence of plaque formation.  Sonnenschein (10) did 
this in a quantitative manner, mixing diluted phage with undiluted serum on the 
one hand, and undiluted phage with diluted serum on the other, running drops of 
the mixtures down the previously inoculated surface of an agar plate and observing 
lysis after incubation. 
In our search for a  satisfactory technique the findings of Wagemans (8) were 
first repeated and confirmed.  It was found, however, that the time required for 
complete neutralization  depends on the potency of the serum,  a  serum of  high 
potency causing complete neutralization in a  comparatively short time.  Inhibi- 
tion of lysis in broth proved unsatisfactory as a method, since a partial neutraliza- 
tion can delay or prevent visible lysis, although increase of the phage may proceed 
at  a  fairly  rapid  rate.  For detecting partial  neutralization  it  has  been  found RALPH  S.  M'UCKEN]FUSS  711 
TABLE  II. 
The Specificity  of Antipkage  Sera. 
Phage 
P.C. 
Laudman 
Antigen of serum 
Normal  1 
P.C. phage 
Laudman phage 
P. I.D.  " 
B.H.  " 
~Normal 
P.C. phage 
Bacterium 
B. coli 
Dilution of phage 
Laudmau phage 
P.I.D.  " 
B.H.  " 
Normal 
P.C. phage 
Laudman phag~ 
P.I.D.  " 
B.H.  " 
Normal 
P.C. phage 
Undiluted 
Titer  Slant  Slant  SLant 
P.I.D. 
B.H. 
Laudman phag~ 
P.I.D.  " 
B.H.  " 
Normal 
P.C. phage 
Laudman phage 
P.I.D.  " 
B.H.  " 
Normal 
i  P.C. phage 
Laudman phage 
P.I.D.  " 
B.H.  " 
10  -~  +++  ++  + 
10-6  --  _  _ 
10  -9  +++  ++  + 
i0  -*o +++  ++  + 
10  -lo  +++  ++  + 
M.T.  s 
I-lOO  1-IO,OOO 1-1,ooo,  ooo 
Slant 
14 
11 
5 
8 
+  15 
--  m 
+  2O 
+  25 
+  6 
+  3 
+  4 
+ 
+  3 
++  16 
++  7 
10-*  .... 
10  -lo  ++++++  ++  8 
io  -o  ++++++  ++  - 
lO  -8  +++  ++  +  12 
lO  -8  +++  ++  +  - 
I0  -s  +++  ++  +  7 
lO-S  .... 
10  -7  +++  ++  +  10 
10  -8  +++  ++  100-4-  1 
10  -8  +++  ++  100-4-  -- 
10  -o  +++  ++  1004-  - 
10  -8  +++  ++  100:k  3 
10-*  .... 
ter/~ 
Shiga 
teriz¢  10  -9  +++  +++ 
Shiga  10  -9  +++  +++ 
10-'  +++  ++ 
10  -to  ++-[-  ++ 
10  -~  +++  ++ 
B. coli  10  -3  --  -- 
10  -1°  +++  ++ 
10  -9  +++  ++ 
10  ~  +++  +++ 
B.  dysen-  10  -z°  +++  +++ 
10  -9  +++  +++ 
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convenient to drop a  mixture of phage and antiserum on an evenly inoculated 
agar surface, and to compare the resulting lysis with that caused by a mixture of 
phage  and normal serum.  Absence of  lysis under these  conditions, however, 
does not necessarily indicate complete inactivation  of the phage. 
As the reaction of neutralization may at times continue for several days, it was 
found best to limit the time of contact of phage and serum to a fixed period and 
then to determine quantitatively, by the titration method of Appelmans (11), the 
amount of phage remaining active.  In addition to this, serum was mixed with 
serial dilutions of the phage, and after the given period of contact a drop of each 
TABLE  III. 
The Specificity of Neutralization of Adapted Pkages. 
Phage 
P.C.  phage 
adapted to 
Shiga  ba- 
ciUus 
Laudman 
phage 
adapted to 
B. coli 
Antigen  of serum 
Normal 
P.C. phage  . 
Laudman phage 
Normal 
P.C. phage 
Laudman phage 
Normal 
P.C.  phage  . 
audman phage. 
Normal 
P.C.  phage  • 
Laudman phage 
Susceptible 
bacterium 
B. coli 
B. dysen- 
teri~ 
Shiga 
B. coli 
B. dysen- 
teti~ 
Shiga 
Phage  dilution 
Undiluted 
Titer  Slant 
10  -8  +++ 
10-8  -- 
I0  -8  +++ 
10  -8  +++ 
lO-S  _ 
10  -s  +++ 
10  -1°  +++ 
10  -9  +++ 
lO-S  -- 
10  -~°  +++ 
10  -1° -t-++ 
10"*  -- 
i-I00 
Slant 
++ 
++ 
++ 
++ 
+++ 
+++ 
+++ 
+++ 
1-10,000 
Slant 
+ 
+ 
I00+ 
I00± 
1504- 
1504- 
+ 
+ 
I-  1,000,000 
Slant 
2 
11 
2 
1 
5 
5 
14 
20 
of these mixtures was run down the surface of agar slants  previously inoculated 
with  the susceptible bacterium.  The  results with  immune  serum  were  then 
compared with those with normal serum.  A  typical  protocol is  given in Table I, 
which shows the  neutralization  of  P.C. coliphage by  its  specific  antiserum. 
EXPERIMENTAL. 
Specifiicity  of  Neutralization.--Maisin  (12),  in  1921,  stated  that 
antilytic sera are not specific in  their action,  but this finding lacks 
confirmation.  In most of the experiments here to be reported four 
bacteriophages were used.  They are listed below and their respective 
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I.  P.C. coliphage, acting on B. coli and B. dysenteriae Shiga. 
2.  Laudman Shiga phage, acting on 23. coli and B. dysenteriae Shiga. 
3.  P.I.D. NI.T: phage, acting on M.T:  (23. pestis caviae). 
4.  B.H. staphylococcus phage, acting on Staph. aureus "G." 
In addition to these, B.W. coliphage, acting on 23. coil, was used in 
some experiments.  Neutralizing  sera were prepared  for each of the 
phages, and then the ability of each antiserum to neutralize each of the 
phages was determined.  The result of these studies is given in Table 
TABLE  IV. 
Specificity of Antisera for Different Phages Acting on the Same Bacterium. 
Phage 
P.C.  coli- 
phage 
Laudman 
coHphage 
B.W.  coil- 
phage 
Antigen of serum 
Normal 
P.C. phage 
Laudman phage 
B.W.  " 
I  Normal 
P.C. phage 
Laurlmau phage 
B.W.  " 
Normal 
P.C. phage 
Laudman phage 
B.W.  " 
Bacterium 
B. cdi 
cc  ¢c 
Ls  cc 
c~  ~c 
4L  8~ 
tL  ~ 
tC  ~( 
Phage dilution 
Undiluted 
"IXiter  Slant 
10-9  +++ 
10-1  _ 
10 -9  +++ 
10 -°  +++ 
10  -~o  +++ 
1o-9  +++ 
lO  ~  - 
10 -0  +++ 
I0-'  +++1 
10-7  +++' 
10  -~  +++ 
10 "~  1 
I-IO0  1-10,000 1-1,000,000 
Slant  Slant  Slant 
++  +  14 
++  +  11 
++  +  12 
+++  1504-  5 
+-t-+  150+  5 
+++  150+  10 
++  4  - 
++  2  -- 
++  3  1 
II, in which it is  seen that  each serum exerts  a  specific neutralizing 
action on its own antigen, though it is without influence on  the other 
phages. 
The specificity of neutralization  after the phage had been adapted 
to another bacterium was next studied.  Seiffert (13) found neutrali- 
zation  to  be  specific  after  adaptation.  Wagemans  (8),  Wolff  and 
Jansen  (14),  and  Kasarnowsky and  Tiomkln-Schukoff  (15),  on  the 
other hand, found that while specific neutralization  usually occurred, 
this was not invariably the case.  The results of our inquiry into this 714  BACTERIOPHAGE  OF D~HERELLE.  XI 
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question are given in Table III, and show  that, with the material at 
our disposal, neutralization was specific for the original phage, even 
though it may have been carried for a number of passages on another 
bacterial species.  The use of imperfectly purified phages may explain 
some of the discrepancies in the findings quoted, but the possibility 
that the antigenic properties of a phage may alter with adaptation to 
another bacterial  species cannot be excluded as a  property of  some 
phages. 
The specificity of the neutralizing power of sera prepared  against 
different  phages  acting  on  the  same  bacterium  was  also  studied. 
Bruynoghe  and  Appelmans  (16),  and  Bail  and  Watanabe  (17)  de- 
scribed two serologic.ally distinct phages acting on the same bacterial 
TABLE  VI. 
Agglutination of Bacteria by Antipkage Sera. 
Serum 
/knti P.C.  coliphage 
"  Laudman  Shiga 
phage 
Omti  P.I.D.M.T.  s 
phage 
~mfi B.H. staphylo- 
coccus  phage 
Bacterium 
B. coli 
B. dysenter- 
slfig~ 
M .T.  t 
Staphylo- 
coccus 
+++ 
+++ 
+++ 
+++ 
+++ 
+ 
i++ ++  +  +  ++ 
+  +  ±-~-i ..... 
4-  -- 
species.  A later observation of interest is that of Watanabe  (9) who 
found  two  phages,  acting  on the  same bacterial  species,  that  were 
similar  serologically  but  distinguishable  by  other  means.  In  our 
experiments P.C., Laudman, and B.W. phages, all acting on B. coli, 
were used, and the  serum for each was  found to  be  specific  for  its 
own antigen and without effect on the other two phages (Table IV). 
The Effect of Antibacterial Sera on Phage.--Bail  (18), in 1921,  found 
that  antibacterial  sera  neutralized  phage,  but  that  they were only 
one hundredth as strong as homologous antilytic sera.  This finding 
has  not  been  confirmed  in  other  laboratories.  That  antibacterial 
sera  in  sufficient  concentration  can  inhibit  lysis  in broth  has  been 
recognized  (19),  but this has been shown  (20)  to be due to a  direct 716  BACTERIOPHAGE  OF  D'HERELLE.  XI 
action of the serum on the bacteria, and not to a process of neutraliza- 
tion of phage. 
We have investigated the question thus brought up, and have used 
not  only  agglutinating  sera,  but  also  precipitating  sera  prepared 
against autolyzed broth cultures of bacteria.  The results are  given 
in Table V, which shows that no neutralizing antibodies were present 
in the sera. 
However, when lysogenic cultures were used as antigens the antisera 
obtained exhibited definite antilytic properties.  This experiment was 
carried out as follows: 
Bacteria  were made artificially lysogenic by continuing incubation  after lysis 
in broth, and inoculating the overgrowth of resistants  directly onto agar slants. 
When animals were immunized with these cultures, their serum, in addition to its 
agglutinating  properties,  became capable of neutralizing  the phage carried;  but 
here, of course, phage was also present in the antigen. 
Presence of Other Antibodies in Antiphage Sera.--Since the filtrates 
used as antigens contained, in addition to the active bacteriophage, 
bacterial  protein liberated  during growth and  subsequent lysis,  the 
appearance  of antibacterial  antibodies  was  to  be  expected.  These 
appeared with regularity, and antilytic sera prepared by immunization 
of animals with  crude filtrates  of lysed  cultures  regularly formed a 
precipitate when mixed with autolysates of the homologous  bacterium, 
or  with  the  filtrate  used  as  antigen.  Bruynoghe  and  Dubois  (21) 
have found that precipitation is to some extent specific for the bac- 
teriophage.  In our hands the method has been unsatisfactory, since 
with the presence of degradation products of bacteria of closely related 
species there is enough non-specific precipitation to obscure the results. 
The  presence  of  agglutinins  in  antilytic  sera  is  usual  (22,  23). 
Marshall (24), however, prepared a serum that did not agglutinate the 
homologous bacterium.  The results of our studies have been variable. 
From Table VI it will be seen that sera against the coliphage and the 
Shiga  phage  did  not  agglutinate  the  homologous  bacteria,  while 
those against  M.T. 2 phage and staphylococcus phage were definitely 
agglutinating.  In the case of staphylococcus agglutination occurred 
with normal sera also, so that the results are not so striking as the truly 
specific reactions obtained with M.T. 2 RALPH  S. ~UCKENFTJSS  717 
Complement fixation was studied by Sanderson (25) and later by 
Flu (26).  Their findings showed that with rabbit serum complement 
is fixed non-specificaUy in the presence of bacterial protein and the 
reaction is not related to the presence of bacteriophage; occasionally 
complement may be fixed even with plain broth.  In view of these 
reports complement fixation was not tested by us. 
Independence of the Two Types of Antibodies.--That  the antibodies 
against the bacteria and those against the phage are distinct can be 
readily demonstrated by the absorption test.  The antibodies against 
the bacteria may be absorbed, leaving unreduced the antilytic power 
of the serum.  This fact has been observed in several laboratories (23, 
27).  It is also possible to remove a precipitate resulting from a mix- 
ture of a bacterial autolysate and antilytic serum without reducing the 
neutralization titer of the serum. 
The Reaction  of Neutratization.--In  order to get some conception 
of the nature of the reaction when bacteriophage is neutralized by 
antiserum, a study of the factors entering into the reaction was made. 
(a)  Rate of Neutrali~ation.--When  phage and antiserum are placed 
in  contact with each other,  neutralization proceeds at  first  rather 
rapidly, but the rate of this process gradually decreases.  Seisser (28) 
found that the greater part of the phage is neutralized within 24 hours, 
and Wagemans (8)  found that complete neutralization may require 
as  long  as  4  days.  Higher  temperatures,  according  to  Otto  and 
Munter (29), increase the rate of neutralization.  This was confirmed 
by Arnold and Weiss (30). 
All of these findings have been confirmed in our laboratory. 
Arnold and Weiss found that neutralization follows the law of multi- 
ple  proportions  and also  reported the Danysz-Bordet phenomenon 
(30). 
(b)  The R6le of Complement.--Osumi  (31) found complement neces- 
sary for neutralization of bacteriophage by immune serum, but this 
finding has not been confirmed by other workers, and in our experi- 
ments complement played no part in the reaction. 
(c)  Mode of Neutralization.--Seiffert  (13) reported that neutraliza- 
tion proceeds by  a  reduction in  size,  rather  than  number,  of  the 
plaques.  Grigorieff (32), on the contrary, found that serum acts by 
inactivating individual units.  With the material used in the present 718  BACTERIOPHAGE OF D'HERELLE.  XI 
work the latter has been found to be the mode of action.  Reduction 
in size of the plaques has not been observed. 
(d)  Nature of the Reacting Substances.--That the action of the serum 
is directly on the bacteriophage and not on the bacteria or bacterial 
products has been demonstrated in the preceding pages by the speci- 
ficity of their  neutralization,  by the  failure of antibacterial  sera to 
affect them, and by the undiminished antLlytic activity of neutralizing 
sera after the complete removal of antibacterial antibodies. 
(e)  The Influence of Adsorption.--There is a  possibility that phage 
may be inactivated by adsorption onto a  precipitate which is formed 
when antiserum is combined with a  filtrate containing  bacterial pro- 
tein.  This  possibility was tested by means of attempts  to  remove 
phage from a  filtrate by the formation of a  heterologous precipitate. 
Horse serum and homologous immune rabbit serum were mixed in the 
presence  of  phage  and  incubated  overnight.  The  tube  was  then 
centrifuged  and  the  clear  supernatant  fluid  titrated.  The  lyric 
activity was found equal to that of another sample of phage similarly 
diluted  with  normal  serum.  Moreover,  precipitation  of  filtrates 
by antibacterial  sera failed to reduce the titer of phage.  For these 
reasons it  seems unlikely  that  adsorption  can  be the explanation of 
neutralization. 
([)  Reversibility  of the Neutralization.--The view that the neutrali- 
zation of phage is analogous to  the neutralization  of toxin by anti- 
toxin has been offered by certain workers who present evidence that 
the combination can dissociate.  Otto and Munter (29) reported that 
dilution dissociated the combination but their method does not exclude 
the possibility of incomplete neutralization as the explanation.  Weiss 
(33) has reported the complete  dissociation of a  neutral mixture by 
tryptic digestion. 
We have attempted,  though without success, to effect dissociation 
(1)  by changing the reaction,  and  (2)  by digestion with trypsin. 
1. Dissociation by Changing the Reaction.--Mter determining the activity of a 
serum it was mixed with phage in the proportion to secure a neutral mixture (in 
this case 1-10).  The resulting inactive fluid was diJuted 1-5 in buffers of various 
degrees of acidity or alkalinity and these mixtures were left at room temperature 
overnight,  when they were tested  for  phage.  Phage  alone, and  serum  alone 
slm~larly diluted and treated in an identical manner, were  found to be unaffected. 
Table VII shows that dissociation was not secured by this method. RALPH  S.  M'UCKE~USS  719 
2.  Dissociation  by Digestion with Trypsin.--Trypsin  solution was prepared by 
suspending 2 per cent of Fairchild's trypsin in borax-boric acid buffer at pH 7.4, 
and placing the flask in the ice box overnight.  This material  was then filtered 
through a  Berkefeld V  candle,  and  the  reaction  adjusted  colorimetrically with 
TABLE  VII. 
Attempt to Dissociate a Neutral Phage-Antipkage Mixture by Changing the Reaction. 
pH of buffer  ......... [ 4.05  [ 4.99 
Quantity  of  buffer,  I 
Qu~n~t;;  oi n~;~i  0S  [08 
mixture, cc  ........  0.2  [ 0.2 
5.94 
0.8 
0.2 
6.43  7.03 
0.8  0.8 
0,2  0.2 
7.54 
0.8 
0.2 
7.96  8.97  9.90 
0.8  0.8  0.8 
0.2  0.2  0.2 
Mixtures left at room temperature  overnight 
"liter ...............  Neg.  [ Neg.  [ Neg.  [ Neg.  [ Neg.  [ Neg.  [ Neg.  [ Neg.  ] Neg. 
TABLE  VIII. 
Effect of Trypsin on Neutral Phage.Antipkage Mixture. 
Day of incubation ..........................  [  Immediate  1  2  4  5  6 
Phage with normal serum ........... i  lO-S  10  ~  lO-S  lO-e  10  -~  10  .-6 
....  ~,,,,une  "  .  ..........  I  N og.  1 ~°~" I N°g" f Neg.  I~og.  I No~. 
TABLE  IX. 
Effect of Trypsin on Antiphage Serum. 
Undiluted  1-1,000,00( 
Serum 
Normal ...... 
Immune before digestion. 
Digested 1 day. 
"  2 days  .... 
~c  4  ct 
"  6  " 
"liter  Slant 
10-9  .-}---~ d  I  - 
Neg. 
10  ~  + 
10  -~  ++ 
10  -r  ++ 
10-7  dr--.{... 
1-100 
Slant 
++ 
254- 
1004- 
150~: 
1004- 
1-i0,000 
Slant 
150q- 
1 
1 
Slant 
4 
sterile sodium hydroxide to a pH of 7.4.  One volume of this solution was added 
to three volumes of a  neutral mixture of coliphage with the corresponding  anti° 
serum.  Phage with normal serum was similarly treated as a control, and the two 
tubes were placed in the incubator at 37°C.  The solution of trypsin was shown ~20  BACTERIOPHAGE  O~" D'HERELLE.  XI 
to be active in a duplicate tube to which a Mette tube was added.  The activity 
of the phage in each of the two tubes was determined at intervals  (Table VIII). 
At the same time,  immune serum was similarly digested with  trypsin  and  its 
ability  afterwards  to  neutralize  phage  was determined  at  the  same  intervals 
(Table IX). 
The neutralizing power of the serum alone was markedly  diminished by the 
trypsin,  but, in spite of this, the phage was not liberated from a neutral mixture 
with this same serum by the action of trypsin.  These experiments were repeated 
with  other phages  and  antisera,  but no  definite evidence of dissociation was 
obtained. 
That  neutral  mixtures  may dissociate under  certain  conditions is suggested, 
however, by the fact that when rabbits are immunized with a neutral mixture of 
phage and  immune rabbit serum, their  serum becomes capable of neutralizing 
phage. 
Stability of the Bacteriophage  Antigen.--Arnold and Weiss (34), and 
Asheshov  (35)  have  shown  that  phage  inactivated  by  heat  is  still 
antigenic.  We have confirmed this.  However, boiling, or autoclaving 
at  120°C.  for  1 hour renders the phage antigenically inert,  as deter- 
mined  by the usual course of immunization.  After inactivation  of 
phage  by formalin,  by immune  serum,  or by adsorption  onto  dead 
bacteria, its antigenic property remains unchanged. 
The Occurrence of Neutralizing Antibodies in Disease.--As  stated 
previously, Sonnenschein  (2)  and Katsu (3) detected antilytic proper- 
ties of human  sera and  related  these findings  to  specific infections. 
The  subject has  been  studied  experimentally  in  this  laboratory  by 
feeding the bacteria of mouse typhoid (M.T. ~) to mice and testing the 
serum of those animals  surviving the infection for neutralizing  anti- 
bodies.  Three phages acting on this bacterium were available,  and 
none of these was neutralized  by the  serum of the surviving mice. 
Moreover, the spontaneous appearance of neutralizing  antibodies in 
experimental  animals  has  never been observed in this  laboratory. 
DISCUSSION. 
The reaction between bacteriophage and specific neutralizing  anti- 
serum constitutes a definite serological phenomenon, different from and 
independent of any of the known reactions between bacteria or bac- 
terial  products and  their antisera.  Each bacteriophage is a  specific 
antigen  independent  from  the  bacterial  antigens  present  in  lyric RALPH  S.  M~CKENFUSS  721 
filtrates, and the antigenic properties are affected by the same influ- 
ences that affect other known antigens, as for example heat.  The 
reaction of neutralization seems to be analogous to the neutralization 
of toxin by antitoxin, in that complement is unnecessary, neutraliza- 
tion is not instantaneous but takes some time, and the reaction follows 
the law of multiple proportions.  The fact that each phage is neu- 
tralized only by its specific antiserum makes possible the serological 
identification and classification of bacteriophages. 
Antilytic sera may at  times be of some value in the laboratory. 
A mixture of phages may be partially purified by using a serum which 
neutralizes one or more components, leaving the remainder active and 
thus simplifying the problem of their separation.  Lysogenic cultures 
may be  rendered free of phage by cultivation in  broth  containing 
serum active against the phage carried.  The ensuing neutralization 
of phage permits the culture to return to its original state. 
The use of the reaction of neutralization in the diagnosis of disease 
seems, in view of the results reported here, to be impractical.  The 
failure of antibacterial  sera  to  neutralize phage,  and the indefinite 
number of phages acting on the same bacterial species would render 
the test uncertain.  Furthermore, only positive results would be of 
any significance, since it would be difficult to  exclude  the presence 
of antibodies against  some other bacteriophage acting on the same 
bacterium. 
SUMMARY. 
1.  Each bacteriophage is a specific antigen. 
2.  The  antibodies against  the  bacteriophage are  independent of 
those against the bacterial substrate used in preparing the phage. 
3.  The reaction of neutralization is closely analogous to that of the 
neutralization of toxin by antitoxin. 
4.  The serum of mice experimentally infected with mouse typhoid 
(M.T3)  did not become capable of neutralizing phages acting on the 
infecting organism. 
5.  The use of the reaction of neutralization of bacteriophage in 
the  diagnosis  of  disease  as  proposed  by  Sonnenschein  seems 
impractical. 722  BACTERIOPHAGE  OF  D~HERELLE.  XI 
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